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Abstract 
To simulate the test smoke for fire smoke detectors, the bypass setting of aerosol generator is currently adjusted to the particle size of 
0.75μm according to the standard of EN 54-7 of China. It leads to the single test environment of fire smoke detectors. In this paper, the 
improvement of aerosol generator is presented. It makes the aerosol flow which has different particle size characteristics can be generated 
by aerosol generator and be installed several bypass flows according to the principle of aerosol generator. By the way, the particle size 
distribution and particle size characteristics of aerosol flow can be obtained after measuring the quality of aerosol flow which is collected 
under different bypass flows by Berner Impactor. So the different type of test smoke for fire smoke detectors can be obtained by aerosol 
generator. And then, the distribution characteristics of aerosol flow can be obtained in testing tubes (EN54-5/7c) of fire smoke detectors. 
Finally, the improved test environment of fire smoke detectors has realized the diversification of test environment. And the reliability of 
the test results has improved through this study.  
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
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Nomenclature 
dari         arithmetic mean diameter (μm) 
ari             arithmetic standard deviation 
dgeo           geometric mean diameter (μm)            
geo           geometric standard deviation 
dMf         middle diameter (μm)  
 Mf       standard deviation (obtained by using accumulation allotment F ( dmax))  
dMt            middle diameter (μm) 
1. Introduction 
Shenyang Fire Research Institute of China uses the aerosol generator produced by Germany which only can generate 
some fixed aerosol particle size distribution for technical constraint. If wanting to change the particle size distribution, we 
have to send the aerosol generator to Germany. The aerosol particle size distribution is usually characterized through 
particle diameter of statistics.[1-2] When aerosol flow is used to simulate real smoke and check the performance of smoke 
detectors, to improve the reliability of test results of smoke detectors capability, the aerosol generator (Type AGW-R/BM 
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V1) needs to be adjusted to generate the aerosol flow which is similar with real fire smoke in characteristics, such as particle 
size distribution, different kinds of smoke generated by different burning materials. 
In this paper, different characteristics of aerosol flow are generated based on the working principle of aerosol generator. 
And then, the particle diameter of aerosol is demarcated and the distribution characteristics of aerosol flow are tested in 
testing tubes (EN54-5/7c) of fire smoke detectors. 
2. Testing of the improved aerosol generator 
2.1. Distribution characteristic of the aerosol particle Size 
Before the pressurized air generated by air compressor went into aerosol generator, the pressurized air is filtrated by filter 
which can remove impurities and steam. Pressure switch is used to monitor the entrance pressure by micro-processor of 
aerosol generator.  The pure atmosphere is divided by pressure partition into two parts: one going into atomization system, 
the other going into dilution system. In atomization system, oil regulator keeps the oil adequate, the heater vaporization is 
heated by oil tank heater to aerosol flow with constant concentration and the aerosol droplet size is delimited.  In the 
separator, aerosol droplets and pressured air are mixed and rotated, when the big aerosol droplets fall into the oil exhausting 
pump and is exhausted. After dividing system, aerosol flow goes into integrator mixed with the pressure air and then goes 
into dilution system. At this time, much bigger aerosol particles is thrown by the pressure air into the oil exhausting pump. 
The pressured air flow rate is named as branch flow rate, which is controlled by flow rate instrument. The aerosol particle 
size is turning bigger as branch flow rate increasing that leads the average diameter of aerosol flow to decrease.  
Therefore, aerosol particle size distribution can be changed through changing the branch flow of aerosol generator. And, 
in the theory, the average diameter of aerosol flow will decrease as branch flow increasing.  
2.2 Experimental plan of the improved aerosol generator 
According to the working principle of ionization smoke detector, the response validity of ionization smoke detector 
depends on the effect of fire smoke soot combining with charged ions entering into detector, that is to say, which is relate to 
concentration and specific surface area of fire smoke. 
According to the working principle of photoelectric smoke detector, the response validity of photoelectric smoke detector 
depends on the ability of absorption and scattering of fire smoke, which includes concentration, specific surface area and 
color of fire smoke entering into detector. In other words, the response validity of smoke detectors mainly depends on 
concentration, average size, distribution width, color and morphology of fire smoke.  
Therefore, fire smoke can be simulated by a way that generates aerosol particles which are as the same as real fire smoke 
in concentration, average size, distribution width, particle color and morphology.   
According to the working principle of aerosol generator, the particle distribution characteristics of aerosol flow generated 
by aerosol generator can be changed by transforming the slipping flow of aerosol generator. In theory, the average particle 
size of aerosol flow generated by aerosol generator will decrease along with the increasing of slipping flow. Experimental 
device of the aerosol particle collecting system is shown as Fig 1.  
 
(a)          (b)  
Fig.1. Illustration (a) and sketch (b) of the aerosol particle collecting system. 
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Before going into aerosol generator, in this experimental device, the pressurized air generated by air compressor is 
filtrated by filter which can remove impurities and steam. Berner Impactor is installed between aerosol export and vacuum 
pump, which is used to collect aerosol particles. The flow rate of aerosol is 50L/min and inhalation flow rate of vacuum 
pump is 30L/min, therefore, it is necessary to install ease converter. The testing step is: 
 Setting different branch flow rate of aerosol generator and turning on vacuum pump in 15 minutes. 
 Turning off aerosol generator and removing Berner Impactor. 
 Separating Berner Impactor and measuring the quality of aerosol on collection plate by electronic balance. 
2.3 Calibration of the particle distribution characteristics for aerosol stream 
Berner Impactor is fit on between aerosol export and vacuum pump to assemble aerosol particle. This experiment is 
composed of eight layers, as shown in Fig 2. Every layer is formed by orifice board, rubber plate, steel bulkhead and 
acquisition board. As layer increasing, number of the orifice board increases accordingly, while orifice diameter decreases. 
As the suction of the vacuum pump, aerosol particle deposits layer by layer in Berner Impactor and its current velocity 
increases constantly. When particle dimension is greater than the aperture of the next layer, aerosol particle will deposit at 
the sample board because its mass is too big to be taken away by the air stream. The particle whose dimension is smaller 
than next aperture and mass is small “escapes” from this layer and go into next layer, either being divided or being collected 
totally. When setting different by-way flow, aerosol particle mass is tested separately from every layer.  
 
(a)          (b)  
Fig.2.  Illustration (a) and sketch (b) of Berner Impactor. 
2.4 Result and discussion 
At different by-way flow, arithmetic mean diameter, geometric mean diameter and middle diameter of the aerosol flow 
accrued by the aerosol generator are figured out by mathematical method, as well as their standard deviation. The results are 
listed in Table 1.  
Then the discussion is collected as follows: 
(1) By setting different by-way flow, the particle distribution characteristic of aerosol stream accrued by the aerosol 
generator is changed. 
(2) Using Berner Impactor to calibrate average diameter of the particle, which tokens the particle distribution 
characteristic of aerosol stream; obtaining corresponding relation between by-way flow and average diameter of particle. 
     (3) The diameter of aerosol particles generated by aerosol generator obeys the lognormal distribution. Relative to the 
arithmetic average diameter (dari) and arithmetic standard deviation ( ari), the characterization of aerosol particle parameters 
should be expressed as geometric mean diameter (dgeo) and geometric standard deviation ( geo). That is, geometric mean 
diameter should be much closer to the median diameter than the arithmetic mean diameter. 
(4) By linear fitting for the median diameter, no matter based on normal distribution method or the lognormal distribution 
method, there are two ways which use the accumulated share F ( dmax) or the probability function (t) to calculate the median 
diameter. In theory, the latter approach is more in line with the principles of mathematics. As aerosol particles obey the 
distribution of log-normal distribution, geometric mean diameter should be closer to the median diameter than the arithmetic 
mean diameter. According to Table 2, the median diameter (dMf) calculated by using the cumulative percentage departs from 
the geometric mean diameter (dgeo) greater than 10%; and yet the median diameter (dMf) calculated by probability function 
613 CHEN Nan et al. /  Procedia Engineering  45 ( 2012 )  610 – 616 
usually has a deviation less than 10% from geometric mean diameter (dgeo), therefore it is much closer. The standard 
deviation ( Mf) when using the cumulative percentage method to calculate median diameter deviates greatly from the 
standard deviation ( geo) of the geometric mean diameter, and the standard deviation ( Mf) when using probability function 
method to calculate median diameter is nearly the same as the standard deviation ( geo) of the geometric mean diameter. 
It can be said that the way of probability function (t) is better to reflect the relationship of the characteristics between F 
( dmax) of 1ndmax. Thus, it is more reasonable to use the method of probability function (t) to calculate the aerosol particles 
spectral parameters. Not only because the median diameter can be exactly calculated, but also the standard deviation and 
correlation coefficient obtained are more appropriate. 
            Table 1. Several average particle diameter and deviation of the aerosol particle 
by-way flow (L/min  dari ari dgeo geo dMf Mf dMt Mt 
0 1.28 0.77 0.98 1.945 1.08 3.8928 0.7617 1.9164 
5 0.98 0.57 0.76 1.92 0.8993 4.0067 0.6832 1.3847 
8 0.9 0.53 0.7 1.91 0.8395 4.0925 0.6579 1.7959 
10 0.84 0.52 0.64 1.98 0.7722 4.2593 0.5589 2.0112 
12 0.82 0.47 0.63 1.93 0.7686 4.2348 0.5376 1.9906 
14 0.8 0.46 0.63 1.89 0.7659 4.2243 0.5201 1.9514 
16 0.79 0.47 0.61 1.9 0.7459 4.2706 0.5576 1.9687 
18 0.75 0.44 0.59 1.85 0.7266 4.2901 0.5192 1.9428 
20 0.73 0.43 0.57 1.88 0.6964 4.3807 0.4811 1.9851 
22 0.7 0.41 0.56 1.82 0.6846 4.3804 0.5022 1.6345 
25 0.67 0.4 0.53 0.18 0.6437 4.5107 0.4731 1.0876 
               Table 2. Comparison table of dMf  dgeo and dMt at different by-way flows 
By-way flows (L/min  Deviation between dMf and dgeo Deviation between dgeo and dMt 
0 10% 21% 
5 13% 7% 
8 13% 4% 
10 13% 8% 
12 13% 9% 
14 14% 10% 
16 14% 5% 
18 14% 7% 
20 13% 8% 
22 12% 6% 
25 11% 5% 
     
(5) After knowing that it is more reasonable to use the probability function (t) method to calculate the median diameter, and under the 
condition that the median diameter, geometric mean diameter and the arithmetic average diameter are given, the distribution 
characteristics of aerosols can be judged from the relationship among the median diameter the geometric mean diameter and the 
arithmetic mean diameter. That is, if the median diameter is close to the geometric mean diameter, then the diameter of aerosols obeys the 
lognormal distribution; if the median diameter is close to the arithmetic mean diameter, then the diameter of aerosols obeys the normal 
distribution. 
(6) The same as the smoke particles, the aerosol particles flow generated by aerosol generator obeys the lognormal distribution. 
3. Testing the distribution characteristic of aerosol flow in testing tube 
The average particle diameter of aerosol flow generated by aerosol generator is calibrated. When executing detection with 
smoke detector, we can simulate the smoke streams of different nature in accordance with different requirements. However, 
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the aerosol flow in the tube is subject to a variety of forces, so it is possible to change the distribution characteristics of 
particles of aerosol flow, and then change the detection environment. Therefore, there is a need of using the Scanning 
Mobility Particle Sizer (SMPS) to test. When aerosol flow generated by aerosol generator enters into the testing tube 
(EN54-5/7c) of smoke detector, the distribution characteristic of particles is test by the SMPS. The testing tube and the 
SMPS are shown in Fig 3. 
 
(a)        (b)  
Fig. 3. The test setting for (a) testing tube and (b) Scanning Mobility Particle Sizer. 
After aerosol flow generated by aerosol generator entering into the tube, the movement can be divided into two processes. 
The first is the filling process of the aerosol flow in the tube; the second is the accumulation process of the aerosol flow in 
the tube after filling. 
In this experiment, different branch flow, different tube temperature, and different wind speed are set. As time goes by, 
the geometric average diameter of the aerosol flow in the testing tube can be achieved, and the curve of the Geometry mean 
diameter with changing time can be achieved through the fitting of the software ORINGE. 
3.1 Testing the distribution characteristic of particles under different branch flows 
    The tube temperature is set at 23  and wind speed is set at 0.2m/s. The distribution laws of geometric mean diameter 
after the aerosol flow entering into the testing tube under different branch flows is shown in Fig 4. 
 
Fig. 4. The distribution laws of geometry mean diameter under different branch flows. 
Through the analysis we can see that in the process of filling and accumulating, because the aerosol flow generated by 
aerosol generator are not changed, the curves of the geometric average diameter with changing time are relatively straight 
lines. The filling process has a short duration, generally only needs 120s. 
When using the SMPS to test the regularities of distribution of the particles generated by aerosol in the producer flow 
into the inner part of the pipeline under the situation of fluxes of different branches, we can find that the geometry mean 
diameter of aerosol flow decreases with the time during the process of filling. What s more, the larger the branch flux of 
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the producer, the smaller the tendency is. But during the period of cumulation, the average diameter increases with the time, 
and the larger the branch flow, the larger the tendency is.  
3.2 The granularity distribution characteristic under the situations of different wind velocity 
The branch flow is 5L/min, the temperature of pipeline is 23oC, after setting different wind velocity, and we can see in 
Fig 5(a) that the curves of the aerosol flow diameter's changing with the time and the cumulation period fitted by the 
software ORINGE. When the branch flow is 25L/min, the homologue curves are obtained in Fig 5(b). 
(a)        (b)  
Fig. 5. The distribution characteristic of geometry mean diameter at a branch flow rate of (a) 5L/min and (b)25L/min. 
According to the analysis of the distribution characteristic of the given branch flow and different wind velocity, which is 
about the aerosol flowing into the pipeline, we can find the conclusion. During the period of filling, the geometry mean 
diameter of aerosol decreases with the time. During the period of cumulation, the diameter increases with the time firstly, 
and then the increasing tendency decreases with the increasing of the wind velocity. When it reaches certain degree, the 
diameter decreases gradually with the increasing wind velocity, and the tendency increases gradually. 
3.3 The diametric distribution characteristic of different temperature in the entrance  
The aerosol generator produces the aerosol and educes it into the testing tube. At a branch flow rate of 5L/min, wind rate 
of 0.2m/s, we can get the curve of time and the geometry mean diameter of aerosol according to setting different tubal 
temperatures; and the curve of time and the geometry mean diameter of aerosol in the accumulating phase according the 
ORINGE software are illustrated in Fig 6(a). The same curves are illustrated in Fig 6(b) at a branch flow rate of 25L/min. 
(a)        (b)  
Fig. 6. The distributing pattern of the geometry mean diameter at a branch flow rate of (a) 5L/min and (b)25L/min. 
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According to the testing results of the SMPS, we analyses the distributing patterns of the geometry mean diameter of 
aerosol at a certain branch flow rate. At the phase of stuffing, the geometry mean diameter of aerosol decreases slowly while 
the trend of decreasing is not proportional to the variance of temperature. At the phase of accumulating, the geometry mean 
diameter of aerosol increases gradually and the trend decreases with the increasing of temperature. 
4 Conclusions 
In short, the aerosol flow which has different particles size characteristics can be generated by the improved aerosol 
generator and be installed several bypass flows according to the principle of aerosol generator. The particle size distribution 
and particle size characteristics of aerosol flow can be obtained after measuring the quality of aerosol flow which is 
collected under different bypass flows by Berner Impactor. So the different types of testing smoke for fire smoke detectors 
can be obtained by aerosol generator. And we can find the accordance between flow rate of the generator and the average 
geometric diameter of the aerosol flow.  
According to the analysis of the diametric distribution after aerosol flow entering into the testing tube of smoke testing 
detector, we can get different diametric distribution patterns of aerosol at different entrancing flow rate; the different 
diametric distribution patterns of aerosol at a certain entrancing flow rate; the different diametric distribution patterns of 
aerosol at different wind rate and different temperatures at a certain entrancing flow rate. 
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